Abstract-This paper investigates the performance of H.264/AVC video codec in a DVB-H (Handheld) datacasting environment. DVB-H was designed to provide point-tomultipoint (PTM) broadcast/multicast type transmission to handheld, battery operated devices. Reed-Solomon (RS) forward error correcting (FEC) codes are applied to MultiProtocol Encapsulation (MPE) section payloads, termed MPE-FEC, to deliver data over DVB-H. The bitrate overheads incurred due to the additional FEC and packetization headers are analyzed. The requirement of additional data protection in the form of MPE-FEC is illustrated with the help of simulation results.
I. INTRODUCTION
Point-to-multipoint (PTM) broadcast/multicast type mobile communications is enabled through two wellknown approaches. The first approach is to enhance current cellular transmission channel specifications, such as GPRS and UMTS systems. 3GPP has already started with a specification for Multimedia Broadcast/Multicast Service (MBMS) [1] . The second approach is to enhance Digital Television (DTV) transmission standards such as DVB-T [2] . DVB has released a new specification, DVB-H [3] , to enable PTM transmission to handheld, battery powered devices. DVB-T, first published in 1997, and primarily developed for fixed reception with roof-top directive antenna, also proved to be useful for mobile data services. Although it passed most suitability requirements for mobile applications, there were some concerns when it comes to data delivery for small handheld, batteryoperated devices: power consumption and robustness in error-prone mobile environments being the most grievous ones.
To address these concerns, the DVB-H working group was formed, and in July 2004, released the final draft of the DVB-H standard. DVB-H uses the same basic concepts of DVB-T but adds features such as time-slicing and Reed-Solomon (RS) forward error correction (FEC) codes for error resiliency.
H.264/AVC [4] , a joint video standard by the ITU and ISO, has been selected as the video codec for IP datacasting services over DVB channels [5] . H.264/AVC has been shown to provide superior compression efficiency compared to earlier standards [6] .
This [7] .
III. IP DATACASTING IN DVB
In order to provide additional services beyond traditional DTV, DVB has specified protocols allowing broadcast of program and non-program specific contents to be transmitted along with traditional DTV contents. This broadcast of data is called datacasting [8] . Based Figure 2 : Computation of RSDT for MPE-FEC into 6 profiles as described in [9] . These profiles are data piping, data streaming, multi-protocol encapsulation, data carousels, object carousels and higher protocols based on asynchronous data streams.
The popularity of the Internet and an urgent need for faster broadcast data rates led to the convergence of Internet and broadcast networks. (255, 191) . Figure 2 illustrates the procedure to compute the RSDT.
It is not necessary to compute the entire 64 columns of the RSDT and some of its right-most columns could be completely discarded and this procedure is termed puncturing. The Simulations are performed to evaluate the bitrate overheads and the correction capability of MPE-FEC. A 300-frame foreman and silent sequence in QCIF format was concatenated to obtain a 4800-frame video. The video was coded at 15 frames per second using an H.264/AVC Baseline Profile encoder. MPEG-2 TS error patterns with an error probability of 0.06, 0.07, and 0.09, approximating a typically urban (TU6) channel were created. The number of MPE-FEC rows was set to 1024 and four different code rates (CR) of 1, 1/2, 314, 7/8 for the entire bitstream was simulated. Table 1 lists the number of columns used for ADT, padding, RSDT and puncturing for the different CRs simulated. The maximum bytes in ADT and RSDT can then be computed by multiplying their respective column sizes, for each CR, by the number of rows, which is 1024 in the simulations. IP packets are not fragmented between two MPE-FEC frames. When an IP packet does not have enough space to fit into an MPE-FEC frame the remaining bytes in the MPE-FEC frame is padded and the IP packet is fit into the next MPE-FEC frame. The MTU size in DVB-H is governed by the maximum size of an MPE section, which is 4096 bytes. Hence the maximum slice size was set to 4000 bytes. IPV6 was assumed for the simulations.
A simple error-concealment algorithm was implemented in the decoder. Lost slices were replaced in the decoder picture buffer (DPB) by a copy of the same slice in the previous frame. When one entire picture frame is lost, typically the case at lower bitrates with large slice sizes, a copy of the previous picture frame, in presentation order, is used to fill the DPB buffer for the lost picture frame. encapsulated in an MPE section and for every RSDT column encapsulated in an MPE-FEC section. After the fragmentation of the MPE and MPE-FEC section packets into TS packets, there is an overhead of 4 bytes for every TS packet. TS packets which contain a start of an MPE or MPE-FEC section header have an additional 1 byte overhead. Figure 3 shows three curves that plot the IP bitrate, MPE along with MPE-FEC bitrate, and the TS bitrate at various quantization parameter (QP) values. At lower QPs the bitrate of the encoded video is higher, which indicates that more MPE-FEC frames are generated. Each time a new MPE-FEC frame is constructed, an overhead for the RSDT is added. Hence the total overhead in terms of bytes due to the packetization headers and RSDT at higher bitrates is higher than that at lower bitrates. This increase of bitrate is largely dependent on the CR used. Furthermore, when large IP packets are encapsulated into an MPE-FEC frame there may be a lot of useful MPE-FEC frame space that would be wasted due to padding. Such a situation can occur when the next IP packet that is to be encapsulated is too large to fit into the remaining space of the ADT. Therefore, a judicious choice of IP packet sizes is critical to minimize the amount of unwanted padding. The use of MPE-FEC shows a drastic improvement in PSNR at most bitrates. A CR of 1/2 can correct almost all errors in the bitstream, at channel conditions with error probabilities of 0.06 and 0.07. At an error probability of 0.09 a CR of 1/2 could not correct all the errors leading to some IP packets being dropped. But the on-air bitrate for CR 1/2 is more than double the original bitrate when no MPE-FEC is in use. CR of 7/8 seemed too weak for most of the simulated cases, though it incurred the least on-air bitrate overhead. CR of 3/4 showed the best compromise between on-air bitrate overhead and the error correction capability. A similar trend was seen also in the simulation of the silent sequence. Apart from a bitrate decrease, the use of IPV4 instead of IPV6 does not alter the simulation results significantly.
VII. CONCLUSIONS This paper investigated the performance of MPE-FEC for the integration of H.264/AVC video into DVB-H channels for point-to-multipoint (PTM) broadcast/multicast type transmissions. It showed how the choice of the IP packet size and the encoding bitrate can affect the on-air bitrate over a DVB-H channel. It also showed the comparison of H.264/AVC video performance using MPE-FEC at four code rates, under three channel error conditions. The simulation results suggest that MPE-FEC is essential for efficient H.264/AVC video reception. It also showed that the reception performance can be improved by identifying an optimal code rate that is a compromise between on-air bitrate increase and error correcting capability due to MPE-FEC.
